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METHOD AND APPARATUS FOR EXTRACTION
OF SPECIES FROM ELECTROPHORESIS MEDIA

BACKGROUND OF THE INVENTION

This invention relates to electrophoretic extractions,
and particularly to the extraction and concentration of
substances from support media following separations in
the media.

Many separation processes, including chromato-
graphic processes, density-gradient centrifugation pro-
cesses, and various types of electrophoresis, occur in
solid or semi-solid separation media such as gels. Once
the components of a sample mixture have been sepa-
rated into discrete regions (bands or zones) in the sepa-
ration medium, it is frequently desirable to isolate the
species individually for either preparative or analytical
purposes. This is done by cutting the separation medium
into slices or segments, each containing one species.
The slice or segment is then placed in an electrophoresis
chamber, where the species is caused to migrate out of
the support medium to be concentrated in a receiving
vessel from which it can be readily removed.

SUMMARY OF THE INVENTION

The present invention resides in a novel device for
electrophoretic extraction, which can be inserted into
typical laboratory cells designed for tube electrophore-
sis, and used by running the cell itself. The device has
the further advantage of simple and inexpensive yet
leak-proof construction and quick assembly.

In one aspect, the invention resides in a receiving cup
which incorporates a membrane impermeable to the
species to be collected in a manner in which the mem-
brane can be readily inserted and removed. In another
aspect, the invention resides in an assembly comprising
the receiving cup, a tube closed at one end with a mate-
rial which permits passage of the species to be collected
but not the support medium, and a sleeve which re-
ceives both the receiving cup and tube, sealing around

. each to permit migration of the species through the
closed end of the tube into the receiving cup. Finally,
the invention resides in a method of using such a tube
and receiving cup in a tube electrophoresis cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view, side elevation, of an illus-
trative example of a receiving cup in accordance with
the present invention.

FIG. 2 is a sectional view, side elevation, of an illus-
trative example of a tube element in accordance with
the present invention.

FIG. 3 is a sectional view, side elevation, of an illus-
trative example of a connecting sleeve designed to join
the receiving cup and tube elements of FIGS. 1 and 2,
respectively, in fluid-tight manner.

FIG. 4 shows the elements of FIGS. 1, 2 and 3 com-
bined for use and installed in a cell designed for tube
electrophoresis, the cell shown in sectional view.

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED
EMBODIMENTS

The receiving cup of the present invention is an open-
top vessel whose bottom is closed off by a membrane
which permits the passage of water and electric current
and yet is impermeable to the species sought to be col-
lected. An illustrative construction is shown in FIG. 1.
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Here, the receiving cup 10 is comprised of a sleeve 11
which forms the side walls of the cup, and a membrane
12 forming the cup bottom. The membrane material is
not critical, and can be any of a2 wide variety of materi-
als. Particularly useful membranes are dialysis mem-
brane disks. Spectrapor dialysis tubing material, Spec-
trum Medical Industries, Los Angeles, Calif. has been
used effectively.

The membrane 12 rests on an internal shoulder 13 on
the inner wall of the sleeve 11. The shoulder is trans-
verse to the sleeve axis and extends the full circumfer-
ence of the sleeve. The membrane 12 when resting on
the shoulder spans the entire opening 14 at the lower
end of the sleeve.

The membrane is held in place by a gasket 15 and a
retaining ring 16, both of which are held in place by a
protrusion 17 on the inner wall of the sleeve. The pro-
trusion in this embodiment is a rib, transverse to the axis
of the sleeve and extending around the full circumfer-
ence. The gasket 15 is of resilient material such as, for
example, silicone rubber, and is sized to fit snugly inside
the sleeve 11, and preferably to rest fully on the shoul-
der 13. The retaining ring 16 is of substantially nonde-
formable material such as, for example, polyethylene.
The rib 17 is positioned to create a tight fit when mem-
brane, gasket and retaining ring are all inserted, and to
compress the three together, deforming the gasket 15
sufficiently to seal the membrane 12 between it and the
shoulder 13. Fluid passage will then occur only through
the membrane 12 in the axial direction of the sleeve 11.

In the embodiment shown, the receiving cup further
contains an external flange 18 near the membrane end.
This flange is to facilitate positioning of the receiving
cup in the full assembly and connecting it with the other
features of the apparatus, as shown in the other Figures
and described below. :

Turning to FIG. 2, a tube 20 is shown. The tube is
sized to accommodate the pieces of support medium
which contains the species to be extracted and col-
lected. The support medium is generally comprised of
gel slices, and the species are typically proteins or nu-
cleic acids which have been electrophoretically isolated
from mixtures. The tube 20 is further sized to replace
electrophoresis tubes in a common laboratory tube elec-
trophoresis cell. Differences between this tube and the
tubes normally used in the cell are that this tube is used
without being filled with separation medium (such as
gel), and is closed at the bottom end with a material 21
which supports the gel slices, or whatever support me-
dium the species to be collected is present in, and retains
them while the species migrates out under the influence
of an electric current. A glass frit is particularly useful
as the enclosing material 21. The tube wall 22 may be
any fluid-impermeable material, preferably transparent,
and most preferably glass.

FIG. 3 illustrates a sleeve 30 which joins the receiv-
ing cup 10 to the tube 20, sealing the two together for
use in the electrophoresis cell. The sleeve is open at
both top and bottom, the top opening 31 sized to receive
the tube and the bottom opening 32 sized to receive the
open end of the receiving cup 10. In the embodiments
shown, the tube and receiving cup are of different outer
diameters, with a corresponding difference in the diam-
eters of the top and bottom openings 31, 32 of the con-
necting sleeve 30. An internal shoulder 33 along the
inner wall of the connecting sleeve receives the end face
of whichever of the tube and receiving cup has the



